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IMAGE FOBMING DEVICE 

BACKGRODND OF THE INVEMTION 

1 , Field of the Invention 

The present invention relates to an image! forming 

i 

device that makes it hard for toner to adhere to ajn idling 
photosensitive drum after the image forming d^ice is 
powered off. 

2 . Description of the Related Art 
Typical laser printers, copiers and other image. 

forming devices include a photosensitive drum (electrostatic 
latent image bearing meirtber) having a charge generating 
layer and a charge transport layer on a base material layer. 
A corona discharge or other process is performed* to pre- 
15 charge the photosensitive drum and form an electrostatic 
latent image on the photosensitive drum by exposing the 
photosensitive drum to laser, LED or other types <|f light. 
The electrostatic latent image is made visible thj[ough the 
use of toner or other developing agent. The toner image is 
transferred to paper or other recording medium and thermally 
fixed by a thermal fixing device. 

Generally, the photosensitive driun is a cylindrical 
shape and rotates around an axis extending in a <lirection 
perpendicular to the sheet feeding direct! an. The 
photosensitive drum is rotated by drive power transmitted 
from a drive source via gears or other driVe power 
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transmission mechanism. A charging unit, an exposure unit 
that exposes the drum to light, a developing unit that 
develops electrostatic latent image formed on the <^rum to a 
visible image using toner, and a transfer unit that 
5 transfers the toner image onto a recording medium are 

disposed around the photosensitive drum in confronting 

I 

relation with the outer periphery of the drum. 

If the gear reduction ratio of the drive power 
transmission mechanism interposed between the drivns source 

10 and the photosensitive drum is increased for the J sake of 
making a more compact image forming device and saving energy^ 
the load on the photosensitive drum is lowered. This 
increases photosensitive drum idling when transmission of 
driving force to the photosensitive drvim ends after forming 

15 the image, if^ for example, positively charged toner is used, 
the surface of the photosensitive drum whose potential has 
been lowered by the transfer unit will reach the jnip area 
(the area of actual contact between the photo sens it :ive drum 
and the developing unit) through the idling of the 

i 

20 photosensitive drum causing toner to move from the 

I 

developing unit to the photosensitive unit. The toner that 
adheres to the photosensitive drum moves to the ' transfer 
unit, which is in contact with the photosensitive jdrum, at 
next printing soiling the rear side of the paper during 
25 printing. 

; 
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The application of the charging bias by the charging 
unit is continued until the photosensitive drum stops 
completely allowing the charging unit to conttol the 
potential relationship between the idling photosensitive 
S drum and the developing unit. This means that the nip are of 
the photosensitive drum 27 has a higher potential than the 
developing unit preventing toner from the developing unit to 
adhere to the photosensitive drum as disclosed in Japanese 
Patent Application Publication No. 62-201470 and 6-214442. 

3^0 The above patent application stipulates that charging 

by the charging unit be continued \jntil the photosensitive 
drum stops. This means that the photosensitive drum is 
partially charged in the time period immediately before the 
photosensitive drum stops and until the photosensitive drum 

15 stops, which reduces the service life of the photosensitive 
drum. 

SUhtMARY OF THE INVENTION 

This invention has been made to solve the above 

problem, and accordingly, it is an object of the invention 

20 to provide en image forming device that prevents adhesion of 

the developing agent on the developing agent bearing member 

to the electrostatic latent image bearing member, such as a 

photosensitive drum, while also preventing a reduction in 

electrostatic latent image bearing member service life due 

I 

25 to partial charging. 



In order to achieve the above and other objects, there 
is provided an image forming device that includes a 
photosensitive drum, a driving unit, a drive signal 
generating unit, a charging unit, a charging bias applying 
unit, a developing agent bearing member, a transf'er unit, 
and a control unit. The photosensitive drum is rotatable in 
a predetermined direction about an axis and has a peripheral 
surface on which an electrostatic latent image is formed^ 
The drive signal generating unit generates a drive signal to 
be applied to the driving unit and rota-fies the 
photosensitive drum in response to the drive signal. The 
charging unit is disposed in confrontation with the 
photosensitive drum and electrically chargtes the 
photosensitive drum. The charging bias applying unit applies 
a charging bias to the charging unit- The developing agent 
bearing member is disposed in confrontation with the 
photosensitive drum in a position further downstream than 
the charging unit with respect to the predetermined 
direction in which the photosensitive drum rotates . The 
developing agent bearing member forms a developed image on 
the photosensitive drum by applying developing agent on the 
electrostatic latent image on the photosensitive drum. The 
transfer unit is disposed in confrontation with the 
photosensitive drum in a position further upstream than the 
charging unit with respect to the predetermined direction 



bu^ further downstream than the developing agent bearing 
member. The transfer unit transfers the developed image on 
the photosensitive drum onto a recording medium. The 
control unit controls the charging bias applying unit to 
5 terminate application of the charging bias to the charging 
unit at a time before rotations of the photosensitive drum 
stops completely by interrupting application of the drive 
signal from the drive signal generating unit to the driving 
unit. The control unit also controls a potential between the 
10 photosensitive drum and the developing agent bearing member 
so that a lesser amount of the developing agent on the 
developing agent bearing member adheres to the 
photosensitive drum before the photosensitive drum stops 
completely. 

3^5 BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings: 

Fig. 1 is a cross-sectional view showing laser printer 

1; ■ 

Fig. 2 is a block diagram showing the electrical 

20 design of laser printer 1; 

Fig. 3 is a timing chart showing the control timing of 
image forming device components at the end of printings- 
Fig, 4 is a timing chart showing the contro:l timing 
for a modification of image forming device components at the 
25 end of printing; 



Fig- 5 is a timing chart showing the control timing 
for a modification of image forming device componentls at the 

end of printing; and 

Fig. 6 is a timing chart showing the control timing 
5 for a modification of image forming device conqponents at the 
end of printing. 

DETAILED DESCRIPTION OF THE PREFERRED EMB ODIMENTS 
A laser printer 1 according to a preferred embodiment 
of the invention will be described with reference to the 
10 accompanying drawings, in the following description, the 
terms '^upward-^, '•downward'*, '•upper'^ , ^lower", ''above", 
•below'', "beneath** and the like will be used throughout the 
description assuming that the laser printer 1 is disposed in 
an orientation in which it is intended to be used. 
15 First, overall structure of the laser printer 1 will 

be described with reference to Fig. 1, Fig. 1 is a cross- 
sectional view of the laser printer 1. 

As shown in cross-section in Fig. 1, the laser printer 
1 includes a feeder section 4, and an image forming section, 
20 all accommodated in a main body case 2. The feeder section 4 
is for feeding sheets 3. The image forming section is for 
forming images on each fed sheet 3, and includes a scanner 
unit 16, a process cartridge 17, and a fixing unit 18. Note 
that the right side of Fig. 1 is the front surface of the 
25 laser printer 1. 
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A Sheet delivery tray 46 is formed as an upwardly 
slanting recess located at the upper center surface of the 
main case body 2. Printed sheets 3 are discharged from the 
laser printer 1 into a stack on the tray 46. A space that 
5 holds a process cartridge 17 is provided in a portion close 
to the front upper surface of the main body case 2. The 
space is open to the front side so the process cartridge 17 
can be inserted. A cover 54 that pivots downward is provided 
on a right end side (front side) of the main body case 2. 
10 The cover 54 is for covering the space. A process cartridae 
17 is inserted and removed where the cover 54 is opened 
widely. 

A sheet delivery path 44 is provided at the rear part 
in the main body case 2 (left side in Fig. 1). The sheet 

15 delivery path 44 is formed in a semi-arc shape that; extends 
vertically along the back of the main body case 2. The sheet 
delivery path 44 delivers the sheet 3 from a fixing device 
18, which is provided on a rear end side in a lower, part of 
the main body case 2, to the sheet delivery tray 46, which 

20 is provided on an upper part of the main body case 2 . A 
sheet delivery roller 45 for conveying the sheet 3 is 
provided along the sheet delivery path 44. 

The feeder unit 4 includes a feed roller 8, a paper 
supply cassette 6, a pressing plate 7. a rubber pad 9, a 

25 conveying roller 11, a paper dust removing roller 10, and 
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registration rollers 12. The feed roller 8 is disposed in 
the lower section of the main casing 2. The papejr supply 
cassette 6 is for holding stacked sheets 3 and is detachably 
. mounted in the bottom section of the main casing 2. The 
paper supply cassette 6 can be inserted through the front 
face of the laser printer 1 by moving in a front-to-back 
direction end removed from the laser printer 1 by ijoving in 
a back-to-front direction. The pressing plate La for 
holding stacked sheets 3 and pressing the sheets 3 against 
the feed roller 8. The separating pad 9 is disposed above 
the paper supply cassette 6 and pressed against jthe feed 
roller 8 for separating the sheets 3 one sheet at i time in 
cooperation with the feed roller 8, which is for feeding out 
the sheets 3 . The conveying roller 11 is disposed downstream 
IS from the feed roller 8 in the direction for conveying the 
sheet 3. The paper dust removing roller 10 pressed against 
the conveying roller 11 with the sheet 3 inteirposed 
therebetween and removes paper dust from the sheet 3 while 
conveying the sheet 3 in cooperation with the conveying 
roller 11.. The registration rollers 12 are provided 
downstream from the conveying roller 11 in the conveying 
direction of the sheet 3 for regulating the timing at which 
the sheet 3 is fed for printing. ^ 

The pressing plate 7 can stack the sheets 3-- A shaft 
7a attached at one end of the pressing plate 7 is supported 
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on the bottom surface of the paper supply cassette 7 so that 
the pressing plate 7 is pivotally movable thereabout. 
Another end of the pressing plate 7 remote from the shaft 7a 
is urged toward the feed roller 8 by a spring 7b attached to 
the bottom surface of the pressing plate 7, The pressing 
plate 7 is pivotally moved downward against the urging force 
of the spring 7b when the sheets 3 stacked on the pressing 
plate 7 increases . 

The feed roller 8 and the separation pad 9 are 
disposed in opposition- A spring 13 attached to the rear 
surface of the separation pad 9 urges the latter toward the 
feed roller 8. 

The paper dust generated by friction between sheet 3 
end the separating pad 9 is electrostatically attracted to 
the paper dust removing roller 14 which is provided to 
operate in cooperation with the feed roller 8 in the 
downstream side of the separating pad 9. The sponge 14a 
catch and remove the paper duet. The paper dust which has 
not removed by the paper dust removing roller 14 is removed 
by a paper dust removing roller 10 so as not to enter into 
the image forming section. 

Next, the duplex printing unit 26 will be described. 
The duplex printing unit 26 is disposed above the paper 
supply cassette 6 and includes reverse conveying rollers 50a, 
50b, and 50c arranged in a substantially horizontal 



oxientetion. A reverse conveying path 47a is provided on the 
rear side of the reverse conveying roller 50a and a. reverse 
conveying path 47b is provided on the front side of the 
reverse conveying roller 50c. The reverse conveying Ipath 47a 
5 extends from the discharge roller 45 to the reverse 
conveying rollers 50a and branches from the disch^ge path 
44 near the end of the discharge path 44 with respect to the 
sheet feed direction of the sheet 3. The reverse conveying 
path 47b, on the other hand, extends from the reverse 
10 conveying roller 50c to the registration rollers 12. 

When performing duplex printing, first an image is 
formed on one side of the sheet 3. Then a portion of the 
sheet 3 is discharged onto the discharge tray 46. When the 
trailing edge of the sheet 3 becomes interposed between the 
15 discharge rollers 45, the discharge rollers 45 stop rotating 
forward and begin rotating in reverse. At this time, the 
trailing edge of the sheet 3 contacts the arched surface of 
the discharge path 44 and is giaided along the arched surface 
to the reverse conveying path 47a, without returning to the 
discharge path 44, The sheet 3 is conveyed from the reverse 
conveying path 47a to the reverse conveying rollers 50a ^ 50b, 
and 50c and is subsequently guided to the registration 
rollers 12 along the reverse conveying path 47b- According 
to this operation, the sheet 3 is conveyed to tjhe image 
forming unit with its front and back surfaces switched in 
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order to form an image on the other side of the sheet 3. 

A low-voltage power source circuit board 90, the high- 
voltage power source circuit board 95, and an engine circuit 
board 85 are provided between the duplex printing unit 26 
5 and the image forming unit. A chute 80 formed of a resin is 
disposed between these circuit boards and the image forming 
unit to separate these circuit from the fixing unit 18 and 
the processing cartridge 17. A guide plate 81 provided on 
the top of the chute 80 for guiding the sheet 3 forms a part 

10 of the conveying path of the sheet 3. 

The low-voltage power source circuit board 90 
functions to drop the voltage supplied from a source 
external to the laser printer 1, such as a single-phase lOOV 
source, to a voltage of 24V, for example, to be supplied to 

15 components in the laser printer 1. The high-voltajge power 
source circuit board 95 generates a high-voltage l^ias that 
is applied to components in the processing cartridge 17 . The 
engine circuit board 85 drives a DC motor 86 (Fig.2) , a 
solenoid (not shown) , a laser emitting section (not shown) , 

20 end the like. The DC motor is the source for driving parts 
involved in mechanical operations, such as the rojllers in 
the laser printer 1 . The solenoid (not shown) ! is for 
switching the operating direction of this drive system. 

A control board 100 (see Fig. 2) is provided between 

25 the right side of the main casing 2 and the frame (not 
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Shown) disposed at right side of the main casing 2 . This 
control board 100 controls various parts of the laser 
printer 1. The control hoard 100 is disposed in an 
orientation in which its surface is substantiially in 
parallel to the right side of the main casing 2. Detailed 
description of the control board 100 will be provided later. 

The scanner unit 16 of the image forming section 
includes a laser beam emitting section (not shown), a 
polygon mirror 19, an fB lens 20. reflecting mirrors 21a, 
21b, and a relay lens 22. The laser beam emitting section is 
located right below the sheet delivery tray 46 of the main 
body case 2 and irradiates a laser beam. The polygon mirror 
19 rotates to seen the laser beam from the laser beam 
emitting section in a main scanning direction across the 
surface of a photosensitive drum 27. The fO lens 2T) is for 
stabilizing scanning speed of the laser beam reflected from 
the polygon mirror 19. The reflecting mirrors 2la, 21b are 
for reflecting the laser beam. The relay lens 22 is for 
adjusting the focal position in order to focus the laser 
beam from the reflecting mirror 21 onto the photosensitive 
drum 27. With this configuration, the laser beam is 
Irradiated from the laser beam emitting section baised upon 
predetermined image data and passes through or is i^eflected 
by the polygon mirror 19, the fO lens 20a, the reflecting 
mirror 21, the relay lens 22 and the fe lens 20bj in this 
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c.der as indica1.ed by an al1:ernate long and dash lines A in 
rig. 1 to expose ana scan the surface of the photosensitive 
drum 27 of the process cartridge 17. 

The fixing device 18 in the image forming section is 
disposed downstream from the process cartridge 17 with 
respect to the direction of sheet transport- The fixing 
device 18 in the image forming section includes a heating 
.oiler 41, a pressing roller 42 for pressing the heating 
roller 41, and a pair of conveying rollers 43. The conveying 
rollers 43 are provided downstream from the heating roller 
41 and the pressing roller 42. The heating roller 41 is 
formed by coating a hollow aluminum roller with a 
fluorocarbon resin and sintering the assembly. The heating 
roller 41 includes a metal tube and a halogen lamp for 
heating inside the metal tube. The pressing roller 42 
includes a silicon rubber shaft having low hardness that is 
covered by a tube formed of a fluorocarbon resin. The 
silicon rubber shaft is urged upward by a spring (nit shown) , 
pressing the pressing roller 42 against the heating roller 
41. While the sheet 3 from the process cartridge 17 passes 
between the heating roller 41 and the pressing rdller 42, 
the heating roller 41 pressurize, and heats toner 'that was 
transferred onto the sheet 3 in the process cartridge 17, 
thereby fixing the toner onto the sheet 3. Afterv^ard, the 
sheet 3 is transported to the sheet delivery path 44 by the 
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conveying rollers 43. 

The process cartridge 17 includes a drum cartridge 23 
and a developing cartridge 24 that is detachably mounted on 
the drum cartridge 23- The drum cartridge 23 incLudes the 
photosensitive drum 27, a Scorotron charger 29, and a 
transfer roller 30. The developing cartridge 24 includes a 
developing roller 31, a supply roller 33, and a toner hopper 
34. 

The photosensitive drum 27 is arranged in the drum 
cartridge 23 so as to contact the developing roller 31. The 
photosensitive drum 27 is rotatable clockwise as Indicated 
by the arrow in Fig. 1. The photosensitive drum 27 includes 
positively charging organic photo conductor coated on a 
conductive base material. The positively charging organic 
15 photo conductor is made from a charge transfer layer 
dispersed with a charge generation material. When the 
photosensitive drum 27 is exposed by a laser beam, the 
charge generation material absorbs the light and generates a 
charge. The charge is transferred onto the surface of the 
photosensitive drum 27 and the conductive base material 
through the charge transfer layer and counteracts the 
surface potential charged by the Scorotron charger 29. As a 
result, a potential difference is generated between regions 
of the photosensitive drum 27 that were exposed and regions 
that were not exposed by the laser light. By selectively 
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exposing and scanning the surface of the phctosensiljive drum 
27 with a laser beam based upon image data, an elecljrostatic 
latent image is formed on the photosensitive drum 27, 

The Scorotron charger 29 is disposed above the 
5 photosensitive dr\m 27. The Scorotron charger 29 is 
separated from and out of contact with the photosensitive 
drum 27 by a predetermined distance. The ScbrotronI charger 
29 generates a corona discharge from a wire made from 
tungsten, for example, and is turned ON by a charging bias 

10 circuit unit 96 of the high-voltage power sourcie 95 to 
positively charging the surface of the photosensitive drum 
27 to a uniform charge of positive polarity. 

The developing roller 31 is disposed further 
downstream than the Scorotron charger 29 with respect to the 

15 rotation direction of the photosensitive drum 27, that is 
the clockwise direction as viewed in Fig. 1. The developing 
roller 31 is rotatable counterclockwise as indicated by an 
arrow in Fig. 1. The developing roller 31 includes :a roller 
shaft made from metal covered with a roller made from a 

20 conductive rubber material. A development bias is applied to 
the developing roller 31 from a development bias circuit 
unit 97 of the high-voltage power source 95- 

The supply roller 33 is rotatably disposed beside the 
developing roller 31 on the opposite side from the 

25 photosensitive drum 27 across the developing roller 31, The 
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supply roller 33 is in pressed contact with the d veloping 
roller 31. The supply roller 33 includes a roller shaft made 
of metal coated with a roller made of a conductive foam 
material and is adapted to triboelectrify toner supplied to 
5 the developing roller 31, Furthermore, the supply roller 33 
is rotatable counterclockwise as indicated by an arrow in 
Fig. 1. This is the same rotation direction as developing 
roller 31. 

The toner hopper 34 is provided beside thfe supply 

10 roller 33. The inside of the toner hopper 34 is filled with 
developer to be supplied to the developing roller 31 by the 
supply roller 33. In this embodiment, non-magnetic, single- 
component toner with a positive charging nature is used as a 
developer. The toner is a polymeric toner obtained by 

15 copolymerizing polymeric monomers using a well-known 
polymerization method such as suspension polymerization. 
Exainples of polymeric monomers Include styrene monomers and 
acrylic monomers. Styrene is an example of a styrene monomer. 
Examples of acrylic monomers include acrylic acid, alkyl {CI 

20 to C4) acrylate, and alkyl (CI to C4> methacrylate. A 
coloring agent, such as carbon black, and wax are mixed in 
the polymeric toner. An externally added agent such as 
silica is also added in order to improve fluidity. Particle 
diameter of the polymeric toner is approximately 6 to 10 pm. 

25 An agitator 36 is provided for agitating toner 



I 



accommodated in the toner hopper 34 and supplying the toner 
into a developing chamber 37. The agitator 36 has a coarse 
mesh-like plate shape extending in the axial direction 
(near-to-far direction in Fig. 1) and has a ben<^ in the 
5 middle when viewed as a cross-section, A rotating .shaft 35 
is disposed on one end of the agitator 36. Film members 36a 
for scraping the inner wall of the toner hopper 34 are 
provided on the other end of the agitator 36 and in. the bend 
in the middle of the agitator 36. The rotating shaft 35 is 

10 rotatably supported in the center of both lengthwise ends of 
the toner hopper 34 and, hence, supports the agitator 36. 
When the agitator 36 is rotated in the direction indicated 
by the arrow, toner accommodated in the toner hopper 34 is 
agitated and supplied into the developing chamber 37. 

15 The transfer roller 30 is disposed below the 

photosensitive drum 27 and downstream from the developing 

j 

roller 31 with respect to the rotating direction of the 
photosensitive drum 27. The transfer roller 30 is fotatable 
counterclockwise as indicated by an arrow in Fig. 1. The 
20 transfer roller 30 includes a metal roller shaft coated with 
a roller made from an ion-conductive rubber material. During 
the transfer process, a transfer bias circuit unit 98 of the 
high-voltage power source 95 applies a transfer forward bias 
to the transfer roller 30. The transfer forward bias 
generates a potential difference between the surfaces of the 
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photosensitive drrm 27 and the tranafer roller 30. 
potential difference electrically attracts toner that 
electrostatically clings to the surface f>f the 
photosensitive drum 27 toward the surface of the j transfer 

I 

roller 30. ; 

The following describes the electrical strupture of 

laser printer 1 with reference to Fig. 2. Pig. 2 id a block 

diagram of the electrical structure of laser printer 1. 

AS shown in Fig. 2, a control board 100 contains CPU 
101. ROM 102, RftM 103, ASIC (Application Specific lAtegrated 
Circuit) 105 and interface 106. CPU IQl includes ROM 102. RAM 
103 end ASIC 105, all of which are connected by bus 104. 
while ASIC 105 is connected to the interface 106. CPU 101 
executes programs stored in ROM 102, stores data temporarily 
in RAM 103 and sends and receives commands for device 
control vie ASIC 105- ASIC is a custom all-in-one IC 
containing a number of basic circuits and the major control 
circuit of the image forming device. Control circuit 100 is 
the control unit of this invention. 

The ASIC 105 is connected to a high-voltage power 
source circuit board 95 and an engine circuit board 85. The 
high-voltage power source circuit board 95 incorporates a 
charging bias circuit unit 96, a development bias circuit 
unit 97 and a transfer bias circuit unit 98. The bias 
generated by each circuit is applied to a Scorotron charger 
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29, developing roller 31 and transfer roller 30. 

A DC motor 86 connected to the engine circuit -board 85 

provides photosensitive driam 27, developing roller 31 and 

transfer roller 30 with driving force via the drive system 

(not shown) to rotate each roller. The drive system is 

e<3[uipped with gears to distribute and transmit driving force 

from the DC motor 86. An agitator 36 (Fig, 1) receives 

driving force from the DC motor 86 to stir the toner. The DC 

motor 86 is the driving unit of the invention. Charging bias 

circuit unit 96, development bias circuit unit 97 and 

transfer bias circuit unit 98 correspond to the ''charging 

bias applying vmif , ^developing bias applying unit* and the 

"transfer bias applying unit", respectively. 

A low-voltage power source circuit board 90 is 

connected to and provides power to the control bdard 100 , 

the high-voltage power source circuit board 95 , and the 

engine circuit board 85. Host computer 110, connjected to 

I 

interface 106 on control board 100, fiends print j data to 

laser printer 1 - i 

j 

The following describes print operations of laser 

printer 1 with reference to Figs. 1 and 2. When host 

computer 110 sends print data, the DC motor 86 is timed on, 

the charging bias is applied to the Scorotron charg<»r 29 and 

the developing bias is applied to the developing rcbller 31. 

I 

Then a reverse transfer bias is applied to the : transfer 

I 

! 
I 

i 
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roller 30 to move toner adhering to the transfer roller 30 
to the photosensitive drum 27 and clean the transfer roller 
30. The Scorotron charger 29 charges the toner on the 
photosensitive drum 27 and the developing roller 31- collects 
the charged toner. After this, a transfer bias is applied to 
transfer roller 30. Then CPU 101 outputs e print snart 
signal, friction occurring between sheet 3 and jthe feed 
roller 8 causes sheet 3 to be grabbed and fed aflier which 
sheet 3 is pinched between the feed roller 8 and the rubber 
pad 9 - Single sheet 3 goes through paper dust , removing 
rollers 14 and 10 to remove paper dust and is then fed to 
registration rollers 12 by conveying roller 11. In feeding 
sheet 3, the registration rollers 12 align the front edge of 
sheet 3 with the front edge of the Image formed on the 
15 surface of the rotating photosensitive drum 27. 

An engine controller (not shown) in the engine circuit 
board 85 of a scanner unit 16 generates e laser drive signal. 
A laser beam emitting section (not shown) uses the laser 
drive signal to produce a laser beam that is irradiated onto 
a polygon mirror 19. The polygon mirror 19 scans the 
irradiated laser beam in the main scanning direction 
(perpendicular to sheet 3 feed direction) and outputs the 
laser beam via f6 lens 20. The fO lens 20 converts the laser 
beam scanned by the polygon mirror 19 from constant angular 
velocity to constant linear velocity. The laser j beam is 
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redirected by a reflecting mirror 21a, focused by a 
cylindrical lens 22 and is sent through a reflecting mirror 
lens 21b to form an image on the surface of the 
photosensitive drum 27 . 
5 The surface of the photosensitive drum 27 is charged 

to about 1000 V by the Scorotron charger 29 to which the 
charging bias circuit unit 96 on the high-voltage power 
source cir<!niit board 95 applies a charging bias. The 
photosensitive drum 27, which rotates in the direction of 

10 the arrow (clockwise in Fig. 1) is then irradiated by the 
laser beam. The laser beam irradiates the image arera in the 
main scanning direction on sheet 3, while areas where no 
image is to be formed are not irradiated. The; surface 
potential of areas irradiated by the laser beam <t}he light 

15 areas) is lowered to about 200 V. The laser beam also 
irradiates the sheet in the sub-scanning direction (the 
feeding direction of sheet 3) as the photosensitive] drum 27 
rotates. The areas not irradiated by the laser bejam (dark 
areas) and the bright areas form an electrical non-visible 

20 image, the electrostatic latent image, on the photosensitive 
drum 27. 

The toner in a toner hopper 34 is conveyed to 'a supply 
roller 33 by the rotation of the agitator 36. The rotation 
of the supply roller 33 conveys the toner to the developing 
25 roller 31. At this time, the toner is positively charged by 
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friction between the supply roller 33 and developing roller 
31. Then the toner is distributed in a thin layer of uniform 
thickness and fed by developing roller 31. A positive 
developing bias of about 400 V is applied to the developing 
roller 31, The toner conveyed by developing roller 31 
rotation and positively charged by the developing roller 31 
is transferred to the electrostatic latent image formed on 
the photosensitive drum 27 surface when brought into contact 
with the photosensitive drum 27. Since the potential of the 
developing roller 31 is lower than the potential of the dark 
areas (+1000 V) , but higher than the light areas (+200 V) , 
the toner is selectively transferred to the bright areas, 
which have a low potential. In this way, a visible image, an 
image developed by the toner is formed on the photosensitive 
drum 27. 

When the sheet 3 passes between the photosensitive 
drum 27 and the transfer roller 30^ the potential (+200 V) 
of the bright areas drop further. A forward transfer bias, a 
constant current with a load (in voltage) of about -1000 V, 
is applied to the transfer roller 30 and the visible image 
on the photosensitive drum 27 is transferred to sheet 3. 

Sheet 3 to which the toner has been transferred is 
conveyed to a fixing unit 18. Sheet 3 with the toner 
attached goes between a heating roller 41 and a pressing 
roller 42, both located in the fixing unit 18. Here sheet 3 

22 



is heated to a temperature of about 200 'C while pressure is 
applied to melt the toner and form a permanent image on the 
sheet 3- Both the heating roller 41 and the pressing roller 
42 contain a diode that ensure the surface potential of the 
5 the pressing roller 42 is lower than the surface potential 
of heating roller 41- For this reason, positively charged 
toner adhering to the heating roller 41 side of shieet 3 is 
electrically attracted by pressing roller 42. This prevents 
the toner from being attracted to the heating roller 41 

10 during heating and soil the image. 

After toner on sheet 3 has been heated and subjected 
to pressure, a pair of conveying rollers 43 conveys and 
ejects sheet 3 via a sheet delivery path 44 into sheet 
delivery tray 46 with the print side down- Subsequent sheets 

15 3 that are printed are stacked on top of the previously 
ejected sheet 3 in the sheet delivery tray 46 with the print 
side down. In this way, the user is provided with a document 
where sheets 3 are arranged in print order. 

In laser printer 1, after toner has been transferred 

20 from the photosensitive drum 27 to sheet 3 by the transfer 
roller 30, the developing roller 31 collects the toner that 
still remains on photosensitive drum 27 to provide a 

cleanerless developing system. ; 

i 

The following describes control after complfetion of 
25 printing in laser printer 1 with reference to Fi^. 2. In 
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this entoodiment of laser printer 1, the following happens 
when the surface of the photosensitive drum 27 : that is 
charged to about 1000 V by the Scorotron charger 29 passes 
the nip area (indicated by point C in Fig. 2) betiween the 
photosensitive drum 27 and the transfer roller 30. A -14 pA 
constant current transfer bias is applied <for exami)le, when 
printing plain paper such as copying paper) and the transfer 
roller 30 whose potential of about -1000 V atteni^ates the 
remaining charges at point C on the photosensitive drum 27 
to a low potential of about 300 V. Next, when this area of 
the drum reaches a position opposite charging electrode 29 a 
in Scorotron charger 29 (point A in Fig. 2) this area is 
charged to about 1000 V by Scorotron charger 29. 

If the above operation is continued while the 
photosensitive drum 27 is stopped, the stopped 
photosensitive drum 27 is charged continuously at point A, 
which reduces the service life of photosensitive :drum 27. 
For this reason, the application of the charging bias to the 
scorotron charger 2 9 must stop before photosensitive drum 27 
stops. And when the driving force from the DC motor- 86 stops 
the photosensitive drum 27 does not stop immediately but 
continues rotating at a continuously reduced speed for half 
or one rotation before coming to a complete stop. If the 
commands to stop the DC motor 86, the charging bias, 
transfer bias and developing bias are output simultaneously. 
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the surface potential at point C on the photosensitive drum 
27 that has dropped to about 300 V, will through Idling 
reach the nip area (point B in Fig. 2) with the developing 
roller 31 maintaining the same voltage. At this tiime, the 
5 toner on the developing roller 31 still maintains ja charge 
of about 400 V causing the positively charged toner on the 
developing roller to stick to the photosensitive djum whose 
surface has a voltage of about 300 V. 

When printing is performed in the above conditions on 

10 plain paper as sheet 3, the potential difference between the 
developing roller 31 and the photosensitive drum 27 is about 
lOO V. The toner that still adheres to the photosensitive 
drum 27 after printing that soils the rear of sheet 3 due to 
cleaning performed by the transfer roller 31 at the start of 

15 next printing is negligible. Experiments have shjown that 
this amount can be ignored in the operation of laset printer 
1. However, when the user is printing on postcards j or other 
media as sheet 3, a -30 piA constant current transfer bias is 
applied to maintain transfer efficiency during jsrinting. 

20 Then the potential of transfer roller 30 becomes about -2000 
V and the surface potential of photosensitive drum '27 drops 
to about 80 V at point C. This increases the amount! of toner 
that is transferred from developing roller' 31 to 
photosensitive drum 27 and the soiling that occurjs on the 

25 rear of sheet 3 at next printing is now clearly noticeable. 
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Laser printer 1 performs control to prevent tHis ^ from 
happening when printing ends. A transfer bias of -14 ^lA 
constant current applied to transfer roller. 30 is Ireferred 
to as *Mode 1" in this invention, while a transfer bias of - 

30 iiA constant current is referred to as "Mode 2*. i 

I 

At the time of printing with laser printer jl, host 

I 

computer 110 sends data that includes information on the 
type of sheet 3 to CPU 101 via interface 106 and ASiC 105. 
CPU 101 uses this information to determine the constant 
current to apply to transfer roller 30 and sends a signal to 
a transfer bias circuit unit 98 via ASIC 105 to geneirate a - 
14 pA or -30 pA constant current transfer bias during 
printing . 

The long side of the rectangular Scorotron charger 29 
faces the axis of rotation of the photosensitive drum 27. 
rhe grid electrode 29b on the Scorotron charger 29 
stabilizes the discharge of the charging electrode 29a to 
ensure stable charging of the surface of photosensitive drum 
27. The surface potential of the photosensitive driam* 27 does 
not rise instantaneously when charged. The surface potential 
rises gradually as the photosensitive drum 27 rotates in the 
area between point D (the edge of the electrode 29b. that is 
in the upstream section of the Scorotron charger 29 in the 
moving direction of the photosensitive drum 27) and. point A 
and definitely reaches 1000 V at point A; Thus the reference 
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point for the opposed position of the Scorotron charger 29 
relative to the photosensitive drum 27 for this invention is 
point A. 

As shown in Fig. 2, when laser printer 1 has printed 
the print data sent from the host computer 110, drihre power 
to DC motor 86 stops and a process to stop photosensitive 
drum 27 and other rotating components is performed. This 
process uses the time when the bottom edge of sheet 3 in the 
feed direction passes point C (the timing required in 
experimen-ts testing responses from jam sensors or other 
sensors (not shown) ) -to cause CPU 101 to execu-te an End 
Print program stored in ROM 102. End of toner collection 
after the transfer operation described above is the trigger 
that starts the End Print program. CPU 101 sends signals to 
the high-voltage power source circuit board 95 and engine 
circuit board 85 via ASIC 105 according to the End Print 
program and the timing chart in Fig. 3 to perform control of 
the charging bias, developing bias, transfer bias and drive 
of DC motor 86. Fig. 3 is a timing chart that shows the 
timing of control of image forming device components at the 
end of printing. 

As shown in Fig. 3, the TO standard timing (thie timing 
used as the standard for running the End Print program) for 
ending printing by laser printer 1 is the applicatiop of the 
charging bias, developing bias and transfer bias I to the 
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scorotron charger 29, developing roller 31 and transfer 
roller 30, respectively. These biases are contjinuously 
applied to the rotating photosensitive drum 27 prior to TO 
and periods between TO and Tl. For this reason, ak stated 
above, the potential of surface area AC in the rotation 
direction of the photosensitive drum 27 in Fig. 2 (below all 
areas on the drum are indicated by assigning the polints they 
occupy in clockwise order (the rotation direction of the 
photosensitive drum 27) . Thus AC indicates the area 'starting 
from point A to point C in the rotation direction of 
photosensitive drum 27 that includes point B. The word 
-point- is omitted in area names.) is about lOOQ V. The 
potential for the area CA during printing of cards and other 

media is about 80 V. 

At Tl, a prescribed time period after TO, .CPU 101 
sends a signal to the transfer bias circuit unit 98 jvia ASIC 
105 to stop the application of the transfer bias to the 
transfer roller 30. The surface potential of about I'OOO V of 
the photosensitive drum 27 in the AC area is therefore not 
affected by the transfer bias even when the photosensitive 
drum 27 reaches point C. The surface potential of the 
photosensitive drum 27 will thus still be about lOOp V when 
it is located in area CA in the period between Tl ar|d T2. 

CPU 101 sends a signal to the engine circuit board 85 
25 to stop DC motor 86 drive at T2. 
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The period between timing Tl and T2 is obtained based 
on the period of rotational movement from point C to point A 
when the surface area of the photosensitive drum 27 rotates 
slowly during printing. In this example, the photosjensitive 
5 drum 27 makes one rotation in 889 ms during the slow 
rotation of the photosensitive drum 27 in printing. The 
photosensitive drum 27 is designed such that the apgle COA 
between point C and point A with rotation axis Q of the 
photosensitive drum 27 at the center is 194. 7 -and it takes 

10 481 ms for the photosensitive drum 27 to go from point C to 
reach point A. Thus Tl is set at least 481 ms prior to T2. 
Determining the period between Tl and T2 in this wpy means 
that the surface of the photosensitive drum 27 whij:h is at 
point C at Tl, will at least reach point A or 

15 further away from point A in clockwise direction at 

photosensitive drum 27 whose surface potential for' area CA 
is about 80 V at Tl moves to a position inside the AC area 
at T2 - Thus at T2 the surface potential of the 
photosensitive drum 27 at point A is the same as the 

20 potential for area AC at Tl or about 1000 V. 

At T2,- CPU 101 transmits a signal to a charging bias 
circuit unit 96 and development bias circuit unit 97 via 
ASIC 105. This signal stops the application of the Icharging 
bias and developing bias to the Scorotron charger 29 and the 

25 developing roller 31, respectively. The DC motor ^6 stops 

I 



a point: 
T2 . The 
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completely at T3, but since the surface potential of 
photosensitive drum 27 at point B is maintained at la higher 
value than the developing roller 31 during the period 
between T2 and T3, the toner on the developing roller 31 
5 does not transfer to the photosensitive drum 27. 

As described above, in this embodiment qf laser 
printer 1, the surface potential of the photosensitlive drum 
27 is charged to 1000 V by the Scorotron charger 29 at point 
A. Control at end of printing stops transfjer bias 

10 application to the transfer roller 30 at Tl. The surface of 
the photosensitive drum 27, whose potential is lowered from 
about 1000 V to about 80 V by the transfer bias; applied 
prior to Tl , is charged to 1000 V upon reaching point A at 
T2- Even if the application of the charging bias to the 

15 scorotron charger 29 stops at T2, the surface area of the 
photosensitive drum 27 that passes point A after T2 is not 
affected by the transfer bias, thus the surface potential of 
all areas of the photosensitive drum 27 is about lOQO V. For 
this reason, the potential of the photosensitive drum 27 is 

20 higher than the potential of the developing roller -31 after 
T2 and prevents the toner on the developing roller 31 from 
transferring to the photosensitive drum 27. And even if the 
photosensitive drum 27 stops completely at ir3, the 
application of the charging bias to the Scorotron criarger 29 

25 has already stopped. The photosensitive drum 27 is thus not 
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being charged et any point preventing premature redaction of 

: 

photosensitive drum 27 service life- j 

The prescribed timing relationship is maintained in 
this invention. Thus the End Print program starts (TO) when 
the rotation of the photosensitive drum 27 stops | and the 
developing roller 31, which is driven by the aaxxe drive 
system as the photosensitive drum 27, also stops (^2) . For 
this reason, the rotation of the agitator 36. which is 
driven by DC motor 86. maintains the same rotation .speed as 
the motor preventing premature toner deterioration. J 

This invention can be modified in a number ways. 
For example, in this embodiment of the invention the 
application of the transfer bias to the transfer roller 30 
is stopped at Tl. However, instead of stopping the transfer 
bias, the constant current of the bias that is applied can 
be changed freati, for example, -30 pA to -14 pA to minimize 
the soiling on the rear side of sheet 3 when plain paper is 
used. Termination of charging bias application i can be 
extended from T2 to T3. Transfer bias termination "(Fig. 3) 
can be changed from Tl by determining through experiments 
when the photosensitive drum 27 area located at point A at 
termination of the charging bias was last positioned at 
point C . 

As shown in Fig. 4 through Fig. 6, adjusting the 
25 control timing of each bias based on the End Print program 
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allows you to obtain the same effect as this inventpion. For 
example, in the modification shown in Fig. 4, CPU 101 
executes the End Print program at TO and each control is 
handled by the program, like in this embodiment of the 
invention. First, the DC motor 86 stops at T2 . Then at T2a 
the application of the charging bias to the Score tron 
charger 29 and the transfer bias to the transfer roller 30 
stop. At T3, the photosensitive drum 27 comes to a complete 
stop, however in the period T2a to T3, progress, of the 
photosensitive drum 27 in area AB is timed so that the 
surface area at point A of photosensitive drum 21 at T2a 
does not reach point B at T3. 

As stated above, the photosensitive domm 27 is 
designed to perform one rotation in 889 ms and that angle 
AOB between point A and point B with rotation axis b of the 
photosensitive drum 27 at the center is 66.1*. The Sdiameter 
of the photosensitive drum 27 is 30 mm, the circumference is 
94.2 mm and the AB distance is 17.3 mm. If the peripheral 
velocity of the photosensitive drum 27 in the period! T2a and 
T3 is f (t) (time function t) , the following f ormulk can be 
used to obtain the T2a and T3 timing relationship. . 



T3, that is the time when the photosensitive drum 27 comes 




to a coirrplete stop after the DC motor 86 has stopped, can be 



32 



obtained in experiments and be used to obtain the T2.a timing. 

The surface potential of the photosensitive drum 27 in 
area AC during the TO to T2a period is about 1000. V whil© 
the potential in area CA is about 80 V. When the application 
of the charging bias stops at T2a, the photosensitive drum 
2 7 idles from point A to point B and the surface potential 
of area AB is about 80 V. However, the photosensitive drum 
27 comes to a con^lete stop before this surface area reaches 
point B, Thus the potential of the photosensitive drum 27 at 
point B maintains about 1000 V in the period between TO and 
T3, a higher potential than the potential of the developing 
roller 31 so the toner on the surface of the developing 
roller is not transferred to the photosensitive drum 27. 

The modification shown in Fig. 4 shows how it is 
possible to stop the application of the charging . bias to 
prevent local charging of the photosensitive drum 27 when 
the photosensitive drum 27 comes to a complete stop.' In this 
modification, the application of the transfer bias could be 
stopped prior to T2a (for example, T2) . No restrictions 
apply to the control timing of the developing bias. 

In the modification shown in Fig. 5, CPU 101 executes 
the End Print program at TO and each control is handled by 
the prograxa, like in this embodiment of the invention. Drive 
to the DC motor 86 and the application of charging, bias to 
the Scorotron charger 29 stops at T2 - Then at T2b the 

! 
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application of the developing bias (400 V) to the developing 
roller 31 is switched to a reverse polarity developing bias 

(for example, -100 V) . ; 

The rotation of the photosensitive drum 27 is itiiaed so 
that the photosensitive drum 27 is within the area AB in the 
T2 to T2b period and the surface area of photosensitive drum 
27 at point A at T2 does not reach point B at T2b. like 
the above modification, the peripheral velocity of the 
photosensitive drum 27 is f (t) (time function t) . the 
following formula can be used to obtain the T2 and T2b 
timing relationship. 

/(OAS distance of area AB 

Like the above modification. T3, the time When the 
photosensitive drum 27 comes to a complete stop, can be 
established by experiments. The application of the reverse 
developing bias to the developing roller 31 stops at T3. 

The surface potential of the photosensitive drum 27 in 
area AC is about 1000 V while the potential in area CA is 
about 80 V until the application of the charging bi^s to the 
Scorotron charger stops at T2 . The photosensitive- drum 27 
starts idling from T2 and the surface area that is .at point 
A at T2 reaches point B at T2b. Thus the surface potential 
of the photosensitive drum 27 at point B at T2b drops from 
about 1000 V to about 80 V. However, a reverse developing 
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bias of about -100 V is applied to the developing i^oUer 31 
at T2b thus the potential of the developing roller 31 is 
lower than the potential of the surface jof the 
photosensitive drum 27 at point B also in the pericJd T2b to 
T3. This maintains the transfer direction of the toner to 
prevent the toner on the developing roller from trai|sf erring 
to the photosensitive drum 27 . j 

Also the modification shown in Fig. 5 i^aXes it 
possible to stop the application of the charging bias before 
the photosensitive drum 27 comes to a complete stop thereby 
preventing the photosensitive drum 27 from exposure -to local 
charging. The application of the charging bias! can be 
stopped after T2, for example, in the period between T2 and 
T2b while the reverse developing bias can be stopped after 
T3 in this modification. No restrictions apply to the 
control timing of the developing bias. j 

The controls performed in the TO to T2b period in the 
modification shown in Fig. 6 are identical tjo those 
performed in the modification in Fig. 5. ^hen the 
application of the developing bias to the developing roller 
31 stops at T2b, e ground bias of about 500 V is applied to 
the ground electrode of the photosensitive drum 27. The 
ground bias is generated when CPU 101 transmits a signal to 
a ground circuit unit (not shown) . which is part of the 
25 high-voltage power source circuit board 95 (Fig. . 2) , via 
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ASIC 105 as dictated by the instructions of the End Print 
program. The ground electrode on the photosensitive drum 27 
is connected to the ground circuit unit, which functions as 
a ground terminal when the ground bias is not applied. 

When the charging bias ends at T2, the surface area of 
the photosensitive drum 27 enters the AB area having a 
potential of about 80 V. When the photosensitive drum 27 
reaches point B at T2b. the potential of th^| entire 
photosensitive drum 27 is increased by about 500 V" so that 
the surface potential of the photosensitive drum 27 iat point 
B becomes 580 v. For this reason, the potentiall of the 
developing roller 31 is lower than the surface pote|ntial of 
the photosensitive drum 27 at point B also in the period T2b 
to T3. This maintains the direction of toner movement, which 
is determined by potential difference, and prevents the 

transfer of toner from the developing roller 3l" to the 

I 

photosensitive drum 27 . 

Also the modification shown in Fig. 6 nakes it 
possible to stop the application of the charging biejs before 
the photosensitive drum 27 comes to a complete stopi thereby 
preventing the photosensitive drum 27 from exposure 'to local 
charging. The application of the charging bias . can be 
stopped after T2. for example, in the period betweeh T2 and 
T2b. The developing bias is stopped after T2b, • but no 
restrictions apply to the control timing of the d^eloping 



bias. 

The same result could also be achieved by slowing down 
the idling of the photosensitive drum 27 thereby making sure 
that the surface area of the photosensitive drum 2?! that is 
affected by the transfer bias applied to the transfer roller 
30 does not reach a position opposite the developing roller 
31. This could be done by for example providing a brake such 
as an electromagnetic clutch in the drive system ta prevent 
idling by the photosensitive drum 27 when the DC motor 86 
stops, or add an elastic element to the axis of rotiation of 
the photosensitive drum 27 that applies a friction load to 
the photosensitive drum 27 and slows down idling. Of, again, 
by reversing the polarity of each applied bias would make it 
possible to use this invention with negatively charged toner 
(negatively charged photosensitive system) . 
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